The synthesis of porphyrins having a fully hydrophobic cavity capped by a durene moiety is described. The size of the cavity is adjusted by varying the number of methylene -(CH 2 ),,-groups linking the tetramethylphenylene cap with the diametrically opposite [3-positions of the porphyrin. Bis( chloromethyl)durene (1) was first converted to durene-bisalkanoic acids 11 (n = 4), 13 (n 5), and 18 (n 7) using standard chain extension methods. The diacid chlorides were then used to acylate two equivalents of a [3-unsubstituted pyrrole to give a chain-linked bispyrrole. Each pyrrole, following appropriate manipulation of the 0. substituents, was condensed with an et-unsubstituted pyrrole and the resulting chain-linked dipyrromethane dimer was cyclized intramolecularly under high dilution to give the capped porphyrin 34 (n = 4, 5, or 7).
Introduction
Synthetic heme models all necessarily incorporate an active site comparable to that of deoxymyoglobin that has an iron(II) atom coordinated to the four nitrogen atoms of a porphyrin dianion and an axial imidazole. The use of simple ferrous porphyrins as models for reversible oxygen-carrying hemoproteins has been thwarted for two main reasons. First, the addition of a nitrogen-donor base to four coordinate ferrous porphyrins in solution usually leads to a six-coordinate complex incapable of binding oxygen (1). Second, coordination of oxygen to the five coordinate species at room temperature leads rapidly and irreversibly to the fonnation of bridged oxo-iron(IIl) species (2, 3) . Autoxidation of the iron centre proceeds via the initial fonnation of a monomeric iron-dioxygen adduct, followed by the reaction with a second iron(II) porphyrin unit (4) .
Attempts to achieve reversible dioxygen binding at ambient temperature gave rise to model designs incorporating sterk bulk on one face of the porphyrin. This not only retards the ligation of the nitrogenous base at the sixth site, thus facilitating dioxygen binding, but also prevents "dimerization" of the initially formed dioxygen adduct which leads to oxidation of the metal centre. The best known sterically hindered porphyrins are the "picketfence" (5) and "pocket" (6) porphyrins of Collman et al., the "capped" (7) porphyrins of Baldwin and co-workers, and the "cyclophane hemes" (8) of Traylor et al. Model systems with steric hindrances on both faces of the porphyrin (the "baskethandle" porphyrins (9) of Momenteau et at.), as well as those with protective structures on one and appended imidazole on the other face have also been prepared (10, 11) . This area has recently been reviewed (12) and a survey of the synthesis and structure of these systems has been presented (13) .
Two basic synthetic strategies have been used to obtain these hindered porphyrins. The first involves the condensation of a [Traduit par la revue] benzaldehyde derivative with pyrrole in a manner analogous to the synthesis of meso-tetrapheny Iporphyrin ( 14). The protective structure is introduced either by the modification of an appropriate ortho-substituent on the phenyl group (5, 6) or by carrying it in the aldehyde component prior to condensation with pyrrole (7,9, 10). The second and the more widely used strategy is to condense, via ester or amide linkages, a diagonally [3-disubstituted porphyrin with a tenninally bifunctional molecule carrying the required protective structure (8, 11) .
Differentiation between CO and O 2 in model systems arises from electronic, polar, and steric effects (12) . Porphyrins synthesized by the above methods are limited in the size of the cavity produced and, in addition, do not provide a truly hydrophobic environment for small molecule binding. The durene-capped porphyrins described here provide a simple reference series where the influence of the distal sterle effects on CO and O 2 binding may be evaluated in the absence of stabilizing electronic or polar interactions (12) . An early attempt at the preparation of such a hydrophobic system resulted in a very low yield for the cyclization step due to the use of rigid and unreactive dipyrromethene precursors (15) . However, the synthetic route originally developed by some of us to construct pennanently defonned porphyrins (16) (17) (18) , which utilizes more flexible and reactive dipyrromethane intennediates-, appeared ideally suited for the synthesis of sterically hindered porphyrins having small fully hydrophobic cavities.
A preliminary communication outlining the synthesis of the durene-capped parent porphyrin and the crystallographic characterization of a chloroiron(III) derivative has appeared (19) .
Results and discussiou
The bis(chloromethyl)durene (1) was used as starting material for the introduction of the tetramethylphenylene protecting 
group for the porphyrin. The synthetic strategy involved the elaboration of 1 into durene bisalkanoic acids (Scheme I; 11, 13, and 18), which could be employed to acylate, simultaneously, two [3-unsubstituted pyrroles. Such chain-linked bispyrroles could then be transformed efficiently into the durene-capped porphyrins using the chemistry perfected for the synthesis of deformed porphyrins (16) (17) (18) .
methyl groups. However, in absolute ethanol containing excess sodium ethoxide and diethyl malonate, bis(chloromethyI)durene reacted rapidly and exothermically to give durene-bismethylene malonic ester (2) nearly quantitatively. Compound 2 could be isolated as a crystalline solid by aqueous dilution of the reaction mixture. However, we found it convenient to saponify the tetra ester in situ, by the addition of water and further alkali. The resulting durene-bismethylene malonic acid (3) was isolated by acidification of the reaction mixture, Its decarboxylation to the It was uncertain as to how reactive compound 1 might be, given a significant potential for steric hindrance by the ortho-
H3C
CH 3
H,C\-/( CH 0,*(CH')'\_lH, durene-bispropanoic acid (4) was initially effected by the addition of 3 to boiling quinoline, but N,N-diethylformamide was subsequently found to be an equally effective solvent.
Although diborane reduction of the diacid 4 was effective on a small scale, solubility problems were encountered upon scale-up, which led to incomplete reduction of the carboxyl groups, thus producing, in addition to the bis(hydroxypropyl)-durene (5), the monohydroxypropylmonocarboxyethyldurene (6). The use of this incompletely reduced material in the subsequent bromination reaction with 48% aqueous HBr led to the formation of an ester-linked durene dimer 7 as a significant by-product that was difficult to separate from the desired bis(bromopropyl)durene (8) . However, these problems were avoided by prior esterification of the diacid 4, which improved the solubility of both the starting material and intermediates of the diborane reduction. The bis(hydroxypropyl)durene (5) isolated in greater than 95% yield was converted to the bis(bromopropyl)durene (8) in over 90% yield. Had these problems been anticipated in the diborane reduction of 4, the tetramethyl ester could have been isolated and its direct conversion to the diester 9 attempted. Decarbalkoxylations of similar geminal diesters have been reported by Krapcho et at. (20) .
To generate the durene-bisbutanoic acid (11) , bis(bromopropyl)durene (8) was reacted with KeN in ethanol and the resulting durene-bisbutyronitrile 10 hydrolyzed with alkali. The bispentanoic acid 13 and the bisheptanoic acid 18 were prepared by similar malonate syntheses and functional group modifications as shown in Scheme I.
Examination of space-filling models suggested that two five-carbon chains would allow a durene moiety to be held close to the macrocycle, without significant deformation of the porphyrin core. It was to this species that we first directed our efforts (series a). The reaction sequence was then repeated using the bisbutanoic acid 11 (series b) and the bisheptanoic acid 18 (series c). The experimental methods and yields for all the intermediates in both series band c were entirely comparable and are provided as supplementary material. I The subsequent synthetic strategy involved the intramolecular cyclization of the chain-linked 5' -unsubstituted-5-formyldipyrromethane dimers. Only two basic pyrroles were used in this synthesis. 2-Ethoxycarbonyl-3,5-dimethylpyrrole (20) The synthesis of the durene-capped porphyrin was initiated by the acylation of the pyrrole 20 with the diacid chloride 19 in methylene chloride nitromethane using stannic chloride as catalyst (Scheme 2). The resulting durene-bisoxoalkylidene pyrrole 21 was subjected to the usual diborane reduction, to convert the ketonic carbonyl to methylene groups. For ease of manipulation, the bispyrrole ethyl ester 22 was transbenzylated (18) to give the bispyrrole benzyl ester 23, which was then transformed into the synthetically useful bisformylpyrrole 27 by standard methods (18) . The benzyl ester 23 was cleaved by catalytic hydrogenation in tetrahydrofuran and, after removal of the catalyst and the solvent, the acid 24 was decarboxylated in refiuxing dimethylformamide. Vilsmeier formylation with phosphorus oxychloride was effected in dimethylformamide without isolation of the bis a.-free pyrrole 25, and the resulting iminium salt 26 was hydrolyzed in aqueous bicarbonate to produce the formylpyrrole 27. This was converted to its dicyanovinyl (23) derivative 28 primarily for the purpose of protecting the formyl group during the subsequent oxidation of the a.-methyl group. This also served as a method of purification by chromatography, which was essential at this stage since none of the intermediates 24-27 was isolated.
Modification of the a.-methyl groups of 28 to monochloromethyl groups was now required in order to condense them with the a.-unsubstituted pyrro]e 30 to produce the dipyrromethane dimers (Scheme 3). The possibility that the durene-methyl groups might compete with the pyrrole a-methyl groups for the oxidant, sulfuryl chloride, made this reaction the most crucial step in the entire reaction sequence. However, in practice, sulfuryl chloride reacted exclusively with the pyrrole a-methyl groups, and the chloromethyl derivative 29 so produced gave the desired dipyrromethane dimer 31 in the excellent yield of ca. 90% overall for two reactions. The deprotection of the formyl groups and the saponification of the esters of 31 were effected in a single step using aqueous alkali. The 5-carboxy-5' -formyldipyrromethane dimer 32 was subsequently decarboxylated in refiuxing dimethylformamide (monitored by the disappearance of the uv absorpion band at h max = 280 nm), but the product 33
was not isolated. Instead, the solution was concentrated in vacuo, diluted with methylene chloride, and most of the remaining dimethylformamide removed by extraction with water. The dried methylene chloride solution of the 5' -unsubstituted-5-formyldipyrromethane dimer 33 was added (by means of a syringe pump) to a solution of p-toluenesulfonic acid in methanol/ methylene chloride to effect the intramolecular cyclization. The monomeric capped porphyrin 34 was the only porphyrin present in the reaction mixture and was isolated and purified by chromatography. The overall yield for the decarboxylation-cyclization reactions was dependent on the purity of the starting material 32. In the pentamethylene series (n = 5), the yield of the porphyrin 34a varied from 22 to 31 % while the tetramethylene and heptamethylene series produced the porphyrins 34b and 34c in 11-16% and 9-13% yield, respectively.
The 1 H nmr spectra of 34a-c exhibit significant up field shifts for the durene methyl and chain -CH T resonances, resulting from the shielding effect of the porphyrin diamagnetic ring current. The durene methyl protons, usually observed at 1) 2. The porphyrin methine protons appear as two singlets in the 1 H nmr, because of the asymmetry introduced into the molecule by the strap. A significant nuclear Overhauser effect was observed in the upfield methine resonance on irradiation of either the CH 2 resonance of the ethyl groups or the chain CH 2 at the porphyrin terminus. This allows for an unambiguous assignment of the upfield resonance to the 5-and 15-methine protons.
Work describing the formation of Fe(III) and Fe(II) derivatives of these durene-capped porphyrins and some data on the binding of amines, isocyanides, CO, and O 2 to the latter have already been published (12, 24) . Further details on these systems (25) will be published elsewhere.
Experimental
The nmr spectra were obtained in the indicated solvents, using a Varian HA-IOO or XL-100 instrument for proton (5-mm tube) or a Varian CFf-20 (at 25.2 MHz) or Bruker WH-400 (at 100.6 MHz) instrument for carbon-I 3 (I O-mm tube). Melting points were obtained using a Thomas Hoover Unimelt oil bath/capillary tube or a Thomas Kofler Micro Hot Stage apparatus, and are uncorrected. Microanalyses were performed by P. Borda of this department. Reagents were employed as obtained, unless otherwise noted.
1,4-Bis(2 ,2-dicarboxyethyl)-2,3 ,5 ,6-tetramethylbenzene (3)
Freshly cut metallic Na (12.85 g, 0.56 mol) was dissolved under N 2 , in anhydrous ethanol (600 mL) in a 2-L Erlenmeyer flask. Diethyl malonate (152 mL, 160.4 g, 1.0 mol) was stirred in followed by 1,4-bis(chloromethyl)-2,3,5,6-tetramethylbenzene (bis(chloromethyl)-durene) (1) (57.8 g, 0.25 mol), which was washed down with another 50 mL of anhydrous ethanol. The mixture was refluxed on a stirrer hot plate for 0.5 h; the starting material dissolved on reaction, with precipitation of NaC!.
Ethanol (approximately 200 mL) was distilled off, the reaction mixture cooled to room temperature, and a solution of KOH (200 g, 3.04 mol) in water (400 mL) added. Distillation of ethanol was continued until the temperature reached 100°C, more water (ca. 1 L) added until all of the solid dissolved, and the solution reheated to boiling. This was treated, dropwise, with concentrated HCl (ca. 300 mL). The white solid that precipitated out was collected by filtration, washed well with water, and dried in air to give 86. 8 (4) Durene-bismethylenemalonic acid 3 (86.5 g; 0.24 mol) was added in portions to boiling quinoline (150 mL) over 20 min. The resulting thick mixture was heated until gas evolution ceased and then poured into 6 M HCl (400 mL). The product that crystallized out was collected by filtration and washed well with water under suction.
,4-bis(2-carboxyethyl)-2,3,5,6-tetramethylbenzene
The crude solid was purified by dissolving in hot saturated aqueous NaHC0 3 , filtering through Celite, and reprecipitating with concentrated HCI. 
,4-Bis(2-ethoxycarbonylethyl)-2 ,3,5 ,6-tetramethylbenzene (9 )
I ,4-Bis(2-carboxyethyl)-2,3,5,6-tetramethylbenzene(4) (158.9 g, 0.57 mol) was esterified with ethanol (400 mL) and concentrated H 2 S0 4 (27 mL) using toluene (200 mL Anal. calcd. for C2oH3004: C 71.82, H 9.04; found: C 72.10, H 9.11.
,4-Bis( 3-hydroxypropyl)-2,3 ,5 ,6-tetramethylbenzene (5 )
I ,4-Bis(2-ethoxycarbonylethyl)-2,3,5,6-tetramethylbenzene 9 (16.7 g, 0.05 mol) dissolved in dry THF (200 mL) was treated under N2 with NaBH4 (8.5 g, 0.22 mol), followed by BF 3 · Et 2 0 (45 mL, 0.36 mol). The reaction was monitored by tic and, on completion, the excess diborane was destroyed with acetic acid (50 mL) and water (100 mL). The solvent was evaporated under reduced pressure causing the product to separate out as a white solid. More water (300 mL) was added and the solid was collected by filtration. The crude product was recrystallized by dissolving in warm ethanol (350 mL) and reprecipitating with water. Two crops ofthe recrystallized bis(hydroxypropyl)durene amounted to 11.2 g, an overall yield of 89.6%; mp 158.0-159SC; IH nmr (0 CDCI 3 ): 1.50 (s, 2H,-OH), 1.58-1.94 (m, 4H, side-chain 2,2'-CH2) ' (8) 1 ,4-Bis(3-hydroxypropyl)-2,3,5 ,6-tetramethylbenzene (5) (7.5 g, 0.03 mol) and 48% aqueous HBr (24 mL) were heated at reflux under N z . The starting material did not dissolve, but turned into a pale yellow oil, resulting in an overall emulsion. Thin-layer chromatographic analysis of the reaction mixture after 30 min indicated that the reaction was compLete.
1.4-Bis(3-bromopropyl)-2 ,3 ,5 ,6-tetramethylbenzene
The solution was cooled to room temperature, CH 2 Cl 2 (100 mL) added, and the acid extracted out with saturated aqueous NaHC0 3 (2 x 30 mL) and water (30 mL). The organic layer was dried (Na2S04) and evaporated in vacuo after adding CH 3 0H. The product crystallized out as silvery white needles, yield 9.4 g (83.3%). The mother liquors were concentrated to give a second crop of 0.90 g (7. (11) 1,4-Bis(3-cyanopropyl)-2,3,5,6-tetramethylbenzene (10) 
I,4-Bis( 3-carboxypropyl)-2,3,5 ,6-tetramethylbenzene

,4-Bis(
The bis(bromopropyl)durene 8 (15 g, 40 mmol) was treated with diethyl malonate (25 mL, 26.4 g, 165 mmol) and Na (2.4 g, 104 mmol) in anhydrous ethanol (200 mL) in a manner analogous to that described for the preparation of 3. The tetraethyl ester so obtained was saponified in situ using KOH and acidified with concentrated HCI to give 15. (13 ) 1 ,4-Bis( 4,4-dicarboxybutyl)-2,3 ,5 ,6-tetramethylbenzene (12) (15.5 g, 36.7 mmol) was decarboxylated in boiling quinoline (50 mL) and purified as described for the bismalonic acid (3). Yield 11.6 g (94.6%), 
I,4-Bis( 4-carboxybutyl )-2,3,5 ,6-tetramethylbenzene
,4-Bis(4-ethoxycarbonylbutyl)-2 ,3 ,5 ,6-tetramethylbenzene (14)
The dicarboxylic acid 13 (37.5 g, 110 mmol) was esterified as described for the diacid 4 to produce the diester 14 in 95% yield, mp 55.0-56.0°C; IH nmr (0, CDCb): 1.25 (t, J = 7 Hz, 6H, OCH 2 CH 3 ), 1.35-1.95 (m, 8H, side-chain 2,2',3,3'-CH 2 ), 2.20 (s, 12H, durene  CH 3 ), 2.25-2.80 (m, 8H, side-chain 1,1'4,4' -CH 2 (17) This compound was prepared in 96% overall yield, starting from the bis(bromopentyl)durene 16 (37.3 g, 86 mmol) in the manner described for the preparation of the analogous compound 12, mp 160. 
,4-Bis(6,6-dicarboxyhexyl)-2 ,3,5 ,6-tetramethylbenzene
Chain-linked bispyrroles 1,4-Bis
-tetramethylbenzene (21a) Durene-bispentanoic acid (13) (16.7 g, 0.05 mol) and SOC12 (23.8 g, 0.2 mol) were refiuxed on a steam bath until the mixture was homogeneous and gas evolution had ceased (ca. 30 min). The excess SOCI2 was removed by evaporation in vacuo and by codistillation with CCI 4 (4 x 30 mL). The resulting crude diacid chloride (19a) and 2-ethoxycarbonyl-3,5-dimethylpyrrole (20) (18.0 g, 0.11 mol) were dissolved in CH 2 CI 2 (175 mL); CH 3 N0 2 (100 mL) and anhydrous SnCI 4 (38.9 g, 0.15 mol) were added dropwise at room temperature under moisture-exclusion conditions.
After being stirred for 1 h, the reaction mixture was poured into water (300 mL) acidified with concentrated HCI (10 mL), stirred for 15 min, and filtered to collect the solid product (18.3 g, 57.9%). Evaporation in vacuo of the organic phase from the filtrate afforded a second crop of2.7 g (8.5%).
An analytical sample was obtained by adding ethanol to a concentrat- 
,4-Bis[5 -(5 -ethoxycarbonyl-2 ,4-dimethylpyrrol-3-yl)pentylj-2,3,5,6-tetramethylbenzene (22a)
The diketone 21a (17 g, 0.027 mol) and NaBH4 (3 g, 0.079 mol) were suspended in dry THF (400 mL) under N2 and treated dropwise (ice-bath) with BF3'Et20 (14 mL, 0.11 mol). When tic examination showed the absence of starting material or intermediates (more NaBH4 and BF 3 'Et 2 0 were added if necessary), the reaction mixture was quenched by careful dropwise addition of glacial acetic acid (100 ~). Water (1.5 L) was added causing the separation of the product, which was filtered and washed with water. The solid was redissolved by heating in THF (500 mL), the undissolved impurities were removed by filtration and the filtrate was then diluted with CH 3 0H and concentrat- 
,4-Bis[5 -(5 -benzyloxycarbonyl-2 ,4-dimethylpyrrol-3-yl )pentylj-
2,3,5,6-tetramethylbenzene (23a) The diethyl ester 22a (13.1 g, 21.5 mmol) and benzyl alcohol (125 mL) (redistilled from K 2 C0 3 at I atm) were heated to boiling under N 2 , and a fresh solution of Na in dry benzyl alcohol was added in ca. l-mL portions until the exchange was complete. The hot solution was quenched by pouring (cautiously) into a solution of acetic acid (25 mL) in CH 3 0H (500 mL) when the solid product appeared immediately. Water (400 mL) was stirred in, the mixture was allowed to stand for 5 min, and the solid filtered and washed with 50% aqueous CH 3 0H. (5 -formyl-2 ,4-dimethylpyrrol-3 -yl )pentylj-2,3,5, 6 -tetramethylbenzene (27a) This compound was prepared from the foregoing dibenzyl ester 23a in three steps without the isolation and characterization of the intermediates.
,4-Bis[5 -
(i) Debenzylation. The dibenzyl ester 23a (10.0 g, 13.8 mmol) and 10% Pd/C (0.9 g) were stirred under H2 (1 atm, room temperature), in THF (250 mL) containing triethylamine (5 drops). When the H2 uptake ceased (ca. 3 h), the solution was checked by tic for the absence of starting material and the catalyst was filtered. The solvent was then removed in vacuo below 40°C, affording the crude biscarboxypyrrole as a pale yellow solid.
(ii) Decarboxylation. The above yellow solid was dissolved in DMF (100 mL) and refluxed under N2 until the uv absorption maximum at 284 nm was reduced to a minor shoulder (ca. 2.5 h).
(iii) Formylation. The decarboxylation mixture above was added dropwise to an ice-cooled solution of the Viis meier reagent (prepar~d by adding POCI 3 (30 mL) in CH 2 Ci 2 (10 mL) to DMF (2~ mL) m CH 2 Ci 2 (80 mL»; the reaction mixture was stirred for 30 mm, when the CH 2 Ci 2 was removed in vacuo and the remaining solution poured onto crushed ice (500 g).
Solid NaHC0 3 was added cautiously (with effervescence) until the solution was weakly basic. The solution was heated on a steam bath (further bicarbonate being added if the solution became acidic) until the remaining CH 2 Cl 2 evaporated, and a clear brown single-phase solution was formed (pH should remain around 8).
The solution was suction filtered to remove minor insoluble tars, the volume adjusted to ca. I L with water, and heating continued for a further 30-60 min. The bisformylpyrrole 27 a separated out as a grey solid and was filtered, washed with water, and dried to give 7.1 g. The crude solid was reacted with malonitrile to afford the bisdicyanovinylpyrrole 28a (vide infra). After purification by chromatography, a sample of this was deprotected with KOH in aqueous propanol to produce 27a for analysis; mp 233.0-234. 3, 5, 6 -tetramethylbenzene (28a) The crude bisformylpyrrole 27 a (6.5 g) and malononitrile (2.0 g, 30.3 mmol) were refluxed in toluene (300 mL) in the presence of cyclohexylamine (2 mL). Thin-layer chromatographic analysis of the reaction mixture indicated the completion of the reaction in 2 h. Toluene was evaporated in vacuo, CH 3 0H added, and the crude product isolated in two crops. The combined solid was chromatographed on silica (activity I, ISO g) using CH 2 Ci 2 initially, and 0.2-0.5% CH 3 0H in CH 2 Ch later, for elution. The yellow solution was concentrated in vacuo and the bisdicyanovinylpyrrole crystallized out analytically pure, as a lemon yellow solid (4.82 g, 62.6% overall from the bisbenzyl ester 23a) by the addition of CH 3 0H; mp 228. 
,4-Bis{
5 -[5 -(2,2 -dicyanovinyl)-2 .4-dimethylpyrrol-3 -ylj pentyl}- 2,
1,4-Bis{5
. _ (i) M onochlorination of the a -methyl substituents. The blsdlcyanovinylpyrrole 28a (1.23 g, 2.01 mmol) i~ dry CH 2 Ci 2 (180 mL) v:as treated dropwise, at room temperature, With 20 mL of a stock solutIOn of S02Ci2 (2.85 g, 2l.l mmol; redistilled) in CH 2 Ci 2 (100 mL). The solvent was carefully displaced with anhydrous diethyl ether, causing the bischloromethyl derivative 29a to crystallize as a lemon yellow powdery solid, This was collected by filtration, washed with 10% CH1Cl 1 in ether, air dried, and used in the following reaction without further purification.
(ii) Formation of the bisdipyrrometlulne. The above bischloromethyl derivative 29a and 2-ethoxycarbonyl-4-ethyl-3-methylpyrrole 30 (1.2 g, 6.6 mmol) were warmed (water bath) in glacial acetic acid (600 mL), under N z to 80°C. The yellow starting material dissolved with reaction and the solution turned orange-red. Thin-layer chromatographic analysis indicated that the reaction was complete in 1 h.
The solution was cooled to room temperature, concentrated to ca. 25 mL in vacuo, CH 3 0H (100 mL) was added, and it was allowed to stand overnight under refrigeration. The product crystallized as a dark yellow solid, which was collected by filtration and washed with CH 3 0H; yield 1.74 g (89.2%). An analytical sample was recrystallized from 
,4-Bis{5 -[2 -{(5 -carboxy-3 -ethyl-4 -methylpyrrol-2 -yl)methyl] -5-
formyl-4 -methylpy rrol-3 -yl] penryl} -2,3,5, 6-tetramethylbenzene (32a) The dimeric dicyanovinyl dipyrromethane ester 3Ia (l.21 g, 1.25 mmol) was suspended in a solution of KOH (7.5 g) in water (100 mL) and the mixture heated under N 2 • At reflux, n-propanol (60 mL) was added; the yellow starting material dissolved promptly giving a pale brown solution. Reflux was continued and the reaction was monitored by uv-visible spectroscopy. The starting material absorbed strongly at 407 nm, and moderately at 275 nm, while the product absorbed strongly at 270 nm and 320 nm. Propanol was then boiled off while replenishing with water (total volume 300 mL) until the reflux temperature reached 100°C. The solution was cooled to room temperature under N I , acidified with acetic acid, and the product isolated and dried to give 1.01 g (99%) of analytically pure material, mp 158.0-160.0°C (dec.); IH nmr (8 (I) Decarboxylation. The chain-linked bisdipyrromethane 32a (901 mg; 1.1 mmol) was decarboxylated in refluxing DMF (100 mL) under N 2 • The reaction was monitored by uv spectroscopy; the absorption band at 280 nm decayed relative to the band at 320 nm and the reaction was complete in 2-2.5 h.
The solution was cooled under N z , concentrated in vacuo to approximately 50 mL, and diluted with CHICl z (200 mL). This was washed with water (3 x 60 mL) to remove most of the remaining DMF, dried (Na2S04), filtered, and diluted to 500 mL with CH 2 Cl z in preparation for the next step.
(ii) Intramolecule 2 + 2 coupling. The cyclization was carried out in two 2-L Erlenmeyer flasks (covered with aluminum foil to exclude light) each containing p-toluenesulfonic acid (4.0 g) in CH 3 0H (25 mL) CH z Cl 2 (600 mL). The CHzCl z solution from the above decarboxylation step was added to the catalyst solution by means of a syringe pump; the entire addition was complete in 6 days.
The reddish violet solution was concentrated in vacuo to approximately 150 mL, extracted with saturated aqueous NaHC0 3 (3 x 50 mL) to remove the acid catalyst, and then taken to dryness in vacuo.
The residue was taken up in minimal CHzCl z and chromatographed as described below.
(iil) Chromatographic purification of porphyrin. The crude porphyrin was initially chromatographed on silica gel (Woelm. act. 1,70-150 mesh, 100 g) using CH 2 Ci z to elute most of the nonfluorescent impurities. The porphyrin was eluted with 2% CH 3 0H in CH1Cl 1 and rechromatographed on activity IV silica gel (35 g). The impurities were removed with CHzCl z and the porphyrin was eluted cleanly using 1 % CH 3 0H in CHzCIz, and crystallized from CH 3 0H to give a yield of239 mg (31.4% overall for decarboxylation-cyclization). Typically, the yield varied between 22 and 31 % and appeared to depend to a large extent on the particular sample of the starting material 32a; mp 273.0-274S. Visible spectrum (CH 2 Ch), Amax(nm) (log E.): 400. 
